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Instream flow assessments for regulated rivers in South Africa 
using the Building Block Methodology 
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"Freshwater Research Unit, Zoology Department, University of Cape Town, Rondebosch 7700, South Africa 
bEnvironment Studies, Department of Water Affairs and Forestry, Private Bag X313, Pretoria 0001, South Africa 

Abstract 

The demand for water from South Africa's growing population is creating an ever-increasing pressure on the country's rivers. 
The urgent need to provide more water services often conflicts with the desire to maintain or improve the ecological condition 
of the rivers. To provide guidance on the sustainable use of a river's water-resources, the Building Block Methodology (BBM) 
has been developed for assessing the instream flow requirement for any river. Development has been done jointly over the last 
five years by the national Department of Water Affairs and Forestry (DWAF) and river scientists, and the accent is on 
identifying a complex of different magnitude flows for maintenance of entire river ecosystems. The BBM caters for the almost 
universal reality in South Africa of having rapidly to provide scientific guidance on such flows for a river in cases where 
biological data and understanding of the functioning of the river are limited. However, the methodology works equally well in 
data-rich situations. The BBM depends on available knowledge and expert opinion, gleaned from experienced river scientists in 
a structured workshop process. Limited new data of a specific nature are gathered to facilitate the process. Relevant data on the 
river are prepared in a way that workshop participants can easily understand and quickly begin to use. Scientists typically 
involved in the workshop, all with specific roles, are those with specialist knowledge of the river or similar rivers in terms of the 
fish, aquatic invertebrates, riparian vegetation, river importance, habitat integrity, fluvial geomorphology, local hydraulics, 
water chemistry and social dependence on the riverine ecosystem. Hydrological and hydraulic modelers provide data inputs and 
facilitate the workshop process by answering questions and producing additional data as requested. The workshop output, 
reached by consensus, is a quantitative description in space and time of a flow regime that should facilitate maintenance of the 
river ecosystem in some pre-determined desired future state. Information from a BBM workshop is used by DWAF in the 
Planning phase of a proposed water-resource development. Further development of the BBM, to extend it into the Design, 
Construction and Operation phases, has been initiated. This includes linking with a public participation process, input into 
design of the scheme, base-line studies of the fiver and subsequent monitoring to assess the efficacy of the recommended flow 
regime. © 1998 Elsevier Science Ltd and AEHMS. All rights reserved. 

Keywords: River ecosystem; Water-resource development; Instream flow requirements; Structured workshop 

1. Introduction 

There is growing concern within South Africa 
regarding deterioration of the condition of the coun- 
try's rivers. One of the major causes of this deteriora- 

* Corresponding author. Fax: + 27-21-6503301. 

tion is the demand for water from a rapidly growing 
population, which has resulted in large-scale direct 
abstraction of water from rivers and an extensive 
programme of dam building. With this has come pres- 
sure on the scientific community to advise on flows for 
sustaining the fiver ecosystems. 

The issue of instream flow requirements for river 
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maintenance was first addressed nationally in 1987, 
through two major workshops (Ferrar, 1989; Bruwer, 
1991). At that time, DWAF policy was shifting from 
one of the provision of water in response to demand, 
to one of holistic management of the nation's water 
resources. This policy shift was reflected in docu- 
ments explaining established and new thinking on 
water quality management (DWAF, 1991), on water 
for the environment (DWAF, 1992), and on managing 
low flows to address water quality problems and for 
the benefit of rural, developing communities and 
riverine ecosystems (Water Research Comission, 
1993). The White Paper on Water Supply and 
Sanitation Policy (DWAF, 1994) outlined a major 
dilemma facing modern South Africa. There was 
recognition that the riverine environment is not a 
user of water in competition with other users but is 
the base of the resource itself, and needs to be 
actively cared for if development is to be sustain- 
able. There was also recognition that in this semi- 
arid country of about 45 million people, 12 million 
people do not have access to an adequate supply of 
potable water, and nearly 21 million lack basic 
sanitation. Inevitably, the urgent need to provide 
more water services will often be in conflict with 
the desire to maintain or improve the condition of 
the nation's rivers. 

Scientific initiatives have paralleled evolving 
DWAF policy. Among these was an assessment by 
King and Tharme (1994) of the Instream Flow 
Incremental Methodology (IFIM) developed by the 
US Fish and Wildlife Service (Stalnaker et al., 
1994); flow-related studies of two of the largest rivers 
flowing into the Kruger National Park (Chutter and 
Heath, 1993; O'Keeffe et al., 1996;Weeks, 1996); 
and the launch of the Kruger National Park Rivers 
Research Programme. This programme is a long- 
term research initiative and the most comprehen- 
sive attempt ever organized in this country to 
promote an understanding of river functioning and 
to develop ways of managing rivers and their 
waters in a sustainable way (O'Keeffe and Coetzee, 
1996). 

With growing experience, a need was recognized 
for a practical and rapid methodology for assessing 
instream flow requirements. King and Tharme (1994) 
had concluded that IFIM could not provide a compre- 
hensive answer on this requirement in the way needed 
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in South Africa. The traditional IFIM approach was 
hampered by the country's severe limitations in terms 
of data and time, and its use of target species seemed 
inadequate in a country where the accent was on 
management of the complete instream and riparian 
components of river ecosystems rather than of impor- 
tant aquatic species. IFIM's routine output falls short 
of being a comprehensive description of a recom- 
mended modified flow regime, as was needed for 
whole-river management. There were also scientific 
concerns with IFIM, such as the way the output of its 
model, PHABSIM II, is interpreted and used (King 
and Tharme, 1994). 

These conclusions and DWAF's urgent need to 
provide extensive extra water services led to the 
development of a local methodology that could 
rapidly inform on instream flow requirements. Its 
basic concepts are simple. These are that some flows 
within the total flow regime of any river are more 
important than others for maintenance of that fiver 
ecosystem. These flows can be identified, and 
described in terms of their timing, duration and 
magnitude. Where a water-resource development is 
planned, the identified flows for the downstream 
river can be combined to define a recommended modi- 
fied flow regime that is specific for the river. This 
information can be used as input at the planning 
stage of the development and, if the scheme proceeds, 
to guide design of an appropriate monitoring 
programme and eventual day-by-day flow manage- 
ment. 

Because of time constraints, it was recognized from 
the outset that the methodology would have to rely to 
a large extent on best available knowledge and expert 
opinion. The core of the methodology has thus 
become, for any river, a workshop attended by senior 
fiver scientists representing specified fields of exper- 
tise. Such a workshop has been found to be the most 
successful way of gleaning information from the 
specialists, and of guiding them to a consensus deci- 
sion. This decision takes the form of a recommended 
flow regime that it is felt should facilitate maintenance 
of the river in some pre-determined desired state. 
Water managers and engineering and social consul- 
tants linked to the proposed water development also 
participate in the workshop, contributing knowledge 
on hydrological, hydraulic and social aspects, and 
gaining knowledge on why particular flows are 
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Fig. 1. Focusing thought on (a) perceived important features of a river's natural flow regime and (b) which of these should be retained in an IFR. 
For instance, features 1 and 6 may recognize the perenniality of the river (a) and the wish to retain this (b); features 2, 4 and 5 may recognize the 
wish to retain the fundamental difference between wet-season and dry-season low flows; and feature 3 may recognize the timing of the first 
major flood of the wet season and the wish to retain this. 

important from the perspective of fiver functioning. 
Around the core activity of the workshop has devel- 
oped a structured process for compiling the specified 
workshop material and for using the workshop output 
in further phases of the development. The complete 
process has been named the Building Block 
Methodology (BBM), and this paper describes its 
main features. 

2. Overview of the BBM 

2.1. Origin of the BBM 

The BBM originated in two major South African 
workshops on instream flow assessments, where parts 
of it began evolving in the form of the "Cape Town" 
and "Skukuza" approaches (King and O'Keeffe, 
1989; Bruwer, 1991). Parallel development by 
Australian colleagues led to a joint description of an 
approach (Arthington et al., 1992), at that time termed 
"The Holistic Method" and still called so in 

Australia. Further, separate development took place 
in South Africa during applications of the metho- 
dology, which was recognized through its final 
South African name of the Building Block Metho- 
dology (BBM). These workshop applications, each 
designed to produce a rapid first estimate of the 
instream flow requirement for a river targeted for 
water-resource development, were mostly convened 
by the Environment Studies sub-directorate of 
DWAF, and involved many of the country's most 
experienced river scientists. 

Between I991 and 1996, BBM workshops were 
held for the following rivers: the Lephalala, Berg, 
Olifants (Western Cape), Olifants (Transvaal), 
Letaba, Luvuvhu, Lomati, Koekedouw, Senqu 
(Lesotho), Mooi, Tugela, Mvoti, Sabie, Bivane and 
Logan (Australia). Documents of the information 
prepared for, and the proceedings of all these work- 
shops, except that for the Logan, can be obtained from 
the second author. Documents for the Logan River 
workshop can be obtained from A. Arthington, Grif- 
fith University, Brisbane. 
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Fig, 2. An hypothetical IFR created using the Building Block Methodology. 

2.2. Assumptions and character of the BBM 

In the methodology the following assumptions are 
made. 

• The biota associated with a river can cope with 
those low-flow conditions that naturally occur in 
it often, and may be reliant on higher-flow condi- 
tions that naturally occur in it at certain times. This 
assumption reflects the thinking that the flows that 
are a normal characteristic of a specific river, no 
matter how extreme, variable or unpredictable 
they may be, are ones to which the riverine 
species characteristic of that river are adapted 
and on which they may be reliant. However, 
flows that are not characteristic of that river will 
constitute an atypical disturbance to the riverine 
ecosystem and could fundamentally change its 
character. 

• Identification of what are felt to be the most impor- 
tant components of the natural flow regime and 
their incorporation as part of the modified flow 
regime will facilitate maintenance of the natural 
biota and natural functioning of the river. 

• Certain kinds of flow influence channel geomor- 
phology more than others. Identification of such 
flows and their incorporation into the modified 
flow regime will aid maintenance of the natural 
channel structure and diversity of physical 
biotopes. 

In total, the flows incorporated into the modified 
flow regime will constitute the instream flow 

requirement (IFR) for the river. As the minimum 
acceptable value will have been entered for each 
flow component incorporated, the IFR describes, in 
space and time, the minimum amount of water that 
it is felt will facilitate maintenance of the fiver at some 
pre-defined desired state. 

The recommended flows are identified and their 
magnitudes, timing and duration decided upon in the 
BBM workshop. Initially, thought is focused on the 
characteristic features of the natural flow regime of 
the river. The most important of these are usually: 
degree of perenniality; magnitude of base flows in 
dry and wet seasons; magnitude, timing and duration 
of floods in the wet season; and small pulses of higher 
flow, or freshes, that occur in the drier months (Fig. 1). 
Attention is then given to which flow features are 
considered most important for maintaining or 
achieving the desired state of the river, and thus 
should not be eradicated during development of the 
river's water resources (Fig. 1). The described parts of 
each flow component are considered the building 
blocks that create the IFR, each being included 
because it is understood to perform a required ecolo- 
gical or geomorphological function (Fig. 2). The first 
building block, or low-flow component, defines the 
required perenniality or non-perenniality of the 
river, as well as the timing of wet and dry seasons. 
Subsequent building blocks add essential higher 
flows. 

The process to prepare the necessary intbrmation, 
run the workshop and guide use of its output is 
described in Section 3. 
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Table 1 
DWAF's engineering and environmental phases for a water-resource development, showing positions of the BBM activities. IEM = Integrated 
Environmental Management 

Engineering/1EM phase  Engineering activity Environmental activity BBM Activities 

Phase h Reconnaissance Catchment/systems analysis Issues assessment 

Phase 2: Pre-feasibility 

Phase 3: Feasibility 

Phase 4: Design 

Phase 5: Construction 

Phase 6: Operation 

Possible development options 
identified 
Detailed investigation of 
selected option 

Engineering management plan 

Implementation of engineering 
management plan 
Engineering audit 

Impact assessment of each 
option (ROIP) 
Environmental impact 
assessment completed 

Environmental management 
plan 
Implementation of 
environmental management plan 
Environmental audit 

Bulk water estimate; Habitat 
integrity assessment 
BBM workshop produces IFRs 

Refinement of IFR; Yield 
analysis; Catchment water 
budget; Scenario meetings 
Base-line studies for 
monitoring programme 
Base-line studies continue; 
Monitoring 
Monitoring; Validation of IFR; 
Flows adjusted if necessary 

2.3. Position o f  the BBM in DWAF's  procedure for  

water-resource developments 

The BBM workshops are linked to the main engi- 
neering phases followed by DWAF during a water- 
resource development (Table 1). From the engi- 
neering perspective, a situation assessment takes 
place during the Reconnaissance phase, often in the 
form of a catchment (drainage basin) study or a 
regional systems analysis; this identifies several 
possible options for the development. At the same 
time an assessment is done of environmental issues 
of  concern. As part of the BBM, a bulk water estimate 
can be completed. This uses the results of all past 
BBM workshops to predict the likely IFR for the 
river in question. It is used mainly to highlight options 
where conflict between the IFR and potential 
offstream demand is likely to be high. Some options 
might be dropped at this stage. 

The most probable of the remaining options from 
an engineering perspective are then investigated 
during the Pre-feasibility phase. This is paralleled 
by an environmental impact assessment of each 
option (ROIP - Afrikaans acronym of Relevant 
Environmental Impact Prognosis) (Louw, 1995), 
where some may be identified as environmentally 
unacceptable. The ROIPs usually also highlight the 
need to reduce potential impacts of  any of  the 
remaining options on the downstream river, by adher- 
ence to an agreed flow regime. The BBM workshop is 

used to define these flow regimes (the IFRs). These in 
turn aid determination of whether or not the proposed 
development is still environmentally acceptable and, 
if so, the preferred option(s). 

In the Feasibility phase and beyond, the engi- 
neering activities are again matched by ones related 
to environmental and social issues (Louw, 1995). This 
link between engineering, social and environmental 
aspects of  the proposed project is discussed further 
in Section 3.3, but for the next part of the paper 
only the flow-related activities linked to the BBM 
workshop are dealt with. 

It should be noted that the BBM is restricted to 
stating the case for the riverine ecosystem, and does 
not directly take into account the requirements of 
offstream water users. Indirectly however, it acknowl- 
edges offstream users in three ways. It is recognized 
that water-resource development of some kind is 
almost always inevitable and so constructing an IFR 
that is the same as the original flow regime would 
usually be inappropriate. Direct dependence on the 
riverine ecosystem by, for instance, rural dwellers 
who gather food or medicines from the riparian vege- 
tation, is also recognized by attempting to cater for 
this with appropriate flows. Lastly, the overall and 
hopefully consensus wishes of  interested and affected 
parties are encompassed in a statement of  desired state 
of  the river, which guides the recommendation of 
flows at the BBM workshop. Direct demands for 
water from potential offstream users, such as 

D
o
w
n
l
o
a
d
e
d
 
B
y
:
 
[
C
D
L
 
J
o
u
r
n
a
l
s
 
A
c
c
o
u
n
t
]
 
A
t
:
 
2
2
:
5
6
 
2
5
 
N
o
v
e
m
b
e
r
 
2
0
0
9



114 J. King, D. Louw / Aquatic Ecosystem Health and Management 1 (1998) 109-124 

irrigation boards or municipalities, are dealt with 
during Feasibility, where they are assessed together 
with the IFR for the river. Consideration of offstream 
demands, the desired state of the river, the IFR, and 
the consequences for the fiver of flow regimes other 
than the IFR, lead to a decision from DWAF on how 
the water will be allocated (see Section 3.3). 

3. Sequence of activities in the BBM 

The BBM has three main parts which encompass 
preparations for and running of the workshop, and 
follow-up activities that link the workshop with the 
engineering and planning concerns. 

3.1. Part One of the BBM - preparation for the 
workshop 

A structured set of activities has been designed to 
collect and display the best available information on 
the fiver for consideration by the workshop partici- 
pants. The time available for completion of this part is 
usually not more than six months, and there is a small 
budget for collection of the new data needed for 
adherence to the workshop format. Co-ordination of 
the activities takes place early in the process through a 
BBM planning meeting. The topics dealt with, each 
by a senior specialist in the field, are explained below, 
and further detailed in Louw and King (1995). 

• Identification of the study area (which part of the 
fiver would be directly affected by flow manipula- 
tions from the proposed development and thus 
should be dealt with in the workshop?). This 
could be a stretch of fiver less than one to several 
hundred km long, stretching downstream of the 
proposed development to, and perhaps beyond, 
its next major confluence. 

• Determination of the present habitat integrity of 
the study area (what is the present condition of 
the river, in terms of available instream and 
riparian habitat for riverine plants and animals?). 
A low-altitude aerial survey along the fiver by heli- 
copter is completed during low-flow conditions. A 
video film taken during the flight is used to analyze 
instream and riparian habitat integrity separately. 
Results are given per 5 km stretch of fiver. The 
method is described by Kleynhans (1996). 

• Determination of the importance of the study area, 
at the local, regional, national and international 
level (how important is the fiver in terms of its 
economic, social and ecological importance?). 
Existing literature is used to provide the informa- 
tion for the analysis. The criteria used for economic 
importance are: current and projected water 
demand; the potential to meet this demand; current 
and projected economic activities; and the poten- 
tial economic consequences of not meeting the 
demand. Those used for social importance are: 
aesthetic, scientific, recreational, historical, 
archaeological, cultural, educational and tourism 
values; accessibility; and subsistence and informal 
water utilization. Those used for ecological impor- 
tance are: representativeness; biodiversity; unique- 
ness; important associated ecosystems; and 
ecological condition. A procedure is being devel- 
oped to combine these varieties of information to 
produce scores for the river. 

• Completion of a social survey of the study area (are 
there rural communities, or any other group(s) of 
people, directly dependent on the riverine 
ecosystem for their subsistence in terms of food, 
potable water, medicines, building material, 
grazing, or cultural and religious activities?). The 
information feeds into a determination of desired 
state (see below) from a community perspective. A 
process is being developed which uses Participa- 
tory Rural Appraisal as well as key informant inter- 
views (S. Pollard, Wits Rural Facility; personal 
communication). 

• Assessment of the geomorphological characteris- 
tics of the study area (which reaches of the study 
area are different in terms of geology, channel 
shape, substrata and diversity of physical 
biotopes?). Maps of catchment geology, topo- 
graphy, sediment production, land use, precipita- 
tion and runoff are used to identify likely linkages 
between the catchment and the changing character 
of the river. The results are combined with infor- 
mation gleaned from the helicopter survey and any 
aerial photos, to produce a description of the 
present geomorphological nature of the river, and 
identification of sensitive areas likely to change 
with future flow manipulation. The method is 
described by Rowntree and Wadeson (1998). 

• Assessment of the past, present and required future 
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water chemistry of the study area (bearing in mind 
the desired state of the river, then from an 
ecosystem perspective and from that of humans 
directly dependent on the river, what chemical 
criteria should be adhered to in future?). This 
section is not well developed, although it is recog- 
nized that the IFR cannot be effective in terms of 
the desired state unless water quality conditions are 
also suitable. A structured input on water-chem- 
istry modeling is required, as well as better knowl- 
edge of the ranges of tolerance of riverine species 
to chemical constituents. At present, future 
chemical problems are identified and a general 
description of their probable ecological conse- 
quences given. Dilution flows to solve water- 
quality problems are not seen as environmental 
flows, but as superimposed on the IFR. 

• Completion of biological surveys at selected points 
throughout the study area, and of literature surveys, 
in order to update knowledge of species distribu- 
tions and to determine longitudinal zonation of the 
river (which reaches of the study area are different 
in terms of the biota, and what is the characteristic 
biota of each? Are there any sites, species or 
communities of special importance?). In addition, 
any information on life history data, ranges of 
tolerance to environmental variables, or the water 
quantity or water quality requirements, of any of 
the species that occur in that river, will be summar- 
ized. Ecosystem components always reported on 
are the fish, the riparian plant communities and 
the aquatic invertebrates. Inputs on aquatic 
mammals, reptiles and amphibians, water birds 
and macrophytes can be included if available. 
Thus, the methodology can incorporate and use 
any relevant information on the river. 

• Identification of BBM reaches and BBM sites 
within the study area. These sites will form the 
focus for most of the collection or creation and 
analyses of new data required specifically for the 
workshop (knowing the longitudinal zonation and 
special attributes of sections of the river, which 
reaches need an individual assessment of their 
instream flow requirement and which sites within 
the reaches will be used for those assessments?). 
Each site will have an IFR described for it. At a 
minimum, the fish, riparian and invertebrate ecol- 
ogists, the geomorphologist, the hydraulic 
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modeler, the survey team and the BBM specialist 
will be involved in the selection of the sites. One to 
five cross-sections, covering major physical 
biotopes, are surveyed in at each site, together 
with details of size of substrata and position of 
macrophyte and riparian species. 

• Description of the virgin and present daily flow 
regime, simulated where necessary, for the 
selected sites along the river (what are the essential 
natural and present characteristics of the various 
BBM flow components at the selected sites?). 
Flow duration curves are also produced for each 
month, as well as statistics such as the return period 
of different magnitude floods. 

• Analysis of stage-discharge curves, channel cross- 
section profiles, and other data on discharge- 
related links between hydraulics, channel 
morphology and biotopes for each surveyed 
cross-section at each site (what is the shape of 
the channel at each site, how do hydraulic condi- 
tions change with discharge and where does the 
water lie in the channel at those discharges? 
What physical biotopes are present and how are 
these likely to be affected by changes in 
discharge?). 

• For ephemeral, sand-bed rivers, analysis of 
groundwater hydrology at each BBM site (what 
is the depth of the water table during times of no 
surface flow?). This is linked to information on the 
use of water holes in the riverbed by rural commu- 
nities, stock or wildlife and, where available, on the 
root depth of riparian trees. 

• Determination of the desired state for the study 
area. (In what environmental condition should the 
river be maintained, in the future?). Determination 
of a "working guide desired state" takes place 
through informal discussion with a range of rele- 
vant institutions, including DWAF, the Depart- 
ment of Environment Affairs and Tourism, and 
the Provincial Nature Conservation body. The 
objective is to identify a realistic desired state, 
which could be closer to or further from its pristine 
state than at present, or about the same. Updated 
knowledge on all the above topics is taken into 
consideration, as well as general catchment 
concerns about the condition of the river, and 
present and possible future land-use. This desired 
state guides deliberations at the BBM workshop, 
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Fig. 3. Example of cross-sections used in the workshops to link ecological knowledge to water volumes. 

where the IFR produced is designed to aid its 
achievement and maintenance. More intensive 
public participation regarding the desired state 
occurs later at the scenario meetings, in the light 
of the results of the hydrological yield analyses 
(see Section 3.3). 

Part One culminates with production of a document 
for the workshop, which contains background infor- 
mation on the proposed water project and a chapter by 
each specialist. 

3.2. Part Two o f  the BBM - -  the BBM workshop 

Each workshop usually involves about 20 people, 
including water managers, engineers, hydrologists, 
hydraulic modelers and the scientists involved in 
Part One. Over a period of two to four days a chair- 
person and facilitators, experienced in the BBM, 
guide workshop participants to consensus on an IFR 
for the river. The workshop consists of four main 
sessions. 

Session 1: A visit to each BBM site. This usually 
occupies the first half of a day. The sites need to be 
as unmodified as possible, so that clues on required 
flows can be gleaned fi'om, for instance, the posi- 
tion of riparian species and the degree of inunda- 
tion of various biotopes. Finding such sites is often 

a problem. The specialists describe the sites from 
their perspectives, cross-section and stage- 
discharge data are provided and discussed, and a 
questionnaire on each site is completed by each 
participant to aid later discussions. The discharge 
at the time is given. 
Session 2: The exchange of information. This also 
takes about half a day. Short presentations are 
given of each paper in the workshop document. 
Participants are expected to be familiar with all 
the material presented, and the session is used to 
clarify uncertainties through questions. 
Session 3: Compilation of the IFR. Participants are 
allocated to groups, each containing at least one 
specialist from each of the relevant sciences and 
facilitated by a river scientist experienced in the 
BBM. The sites are allocated to the groups, and 
each group then focuses on the IFR, one site at a 
time. 
Identification and description of the IFR for each 

site is done in a specific way. After general discus- 
sion of the kind of flow regime that would facilitate 
maintenance of the desired state, required flows are 
identified month by month, starting with the low 
flows. For each month, each fiver specialist except 
the hydrologist and hydraulic modeler is asked to 
describe the low flow needed from his or her 
perspective, stating its significance as knowledge 
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Proposed  Development  
Public f ROIP identifies need for 

Participation Instream Flow Assessment 
Process ~ /  

Habitat Integrity 
. . . . . .  ~ River importance 

. . . . . .  ~ Social dependence 

- ~'~ Catchment knowl~ge  and concerns 
~s~"i,list ~.pu= 
T on river 

Working guide desired~state 

BBMworkshoip~oduces IFRs 

Reflnem~in{ of IFR 

HydrologicaLyield analysis 

Catchment water budget 

- :~-~-~Scenado meetings 

Decision on water allocations 

Monltonng prog ....... exornver : 

~flnement of iFRs 

Fig. 5. The main BBM activities (shaded) and their links with the public participation process. 

and data allow. Required higher flows are then 
described. Throughout the process, the hydraulic 
modeler will interpret the implications of flows 
described, in terms of depth, wetted perimeter, 
velocity, or areas inundated, using the surveyed 
cross-sections (Fig. 3) and plots of the various 
hydraulic relationships. These cross-sectional 
profiles and associated hydraulic plots are the 
vital communication link between ecologists and 
engineers, allowing intuitive or formal knowledge 
on species' flow requirements to be converted to 
discharge values of use to the planner. The details 
of the flows identified are added one by one to a 
blank IFR table of discharge (rows) versus 
calendar months (columns) (Fig. 4). Each addition 
is described in terms of three criteria: magnitude, 
timing and duration, with relevant motivation 

being supplied by each contributing specialist. 
Floods up to those with a three-year return period 
are described, and the continued occurrence of 
larger ones is checked separately during the 
whole-catchment analysis in Feasibility (see 
section 3.3). Usually, each entry remains within 
the limits of the virgin hydrograph, with the IFR 
thus being a skeleton of the virgin flow regime. 
Each entry is also identified as a volume of water 
and a percentile on its month's flow duration curve. 
Finally, the low-flow and high-flow components of 
the IFR are expressed as percentages of the mean 
annual runoff and the median annual runoff. When 
consensus is reached on the IFR for a site, and not 
before, the flows requested are compared to the 
virgin hydrograph for the site, as a check that 
realistic figures have been produced. Flows are 
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also recommended that will stress the fiver 
ecosystem in drought years (IFR for drought - 
Fig. 4), for such stress and variability in flow is 
felt to be an essential feature of the country's 
rivers. Capping low flows may also be identified, 
to guide on upper limits for high-volume dam 
releases down the river. Plenary report-back 
sessions are convened when appropriate. Typi- 
cally, it will take two groups 1.0-1.5 days to 
compile the IFR for four sites (two sites each). 

• Session 4: The final session of the workshop 
contains five main activities spread over about 
half a day. The recommended flow regimes for 
all the IFR sites are compared to check there are 
no major mismatches in what is proposed. State- 
ments are made regarding the environmental 
acceptability of the options considered in the work- 
shop. Further necessary work is identified and 
usually falls into three categories: short-term 
research required in addressing serious uncertain- 
ties so that the IFR can be refined if necessary; 
medium-term research required to improve the 
BBM; and long-term fundamental research on 
subjects about which little is known. There is no 
funding automatically available for any of this 
work, but gradually an increasing amount of 
research is being triggered to fill data gaps revealed 
by application of the BBM. A post mortem of 
activities also takes place at the workshop, and 
any other statements that participants wish to 
make are noted and discussed if necessary. Reports 
on all these activities form part of the workshop 
report. 

3.3. Part three o f  the BBM - -  linking environmental 

and engineering concerns 

Part Three occurs after the BBM workshop, linking 
in at the end of DWAF' s Pre-feasibility phase. It is the 
least developed part of the BBM, with the sequence 
and nature of necessary activities gradually being 
devised as the various water-resource projects for 
which the BBM has been applied evolve through 
Planning to Design, Construction and Operation 
(Fig. 5). A brief indication of the type of activities 
involved follows. 

Hydrological yield analysis reveals, at the level of 
daily average flows, whether or not the IFR can be met 

119 

without conflict with potential offstream users. Where 
conflict is likely, the possible consequences for the 
functioning of the river of flows that do not meet the 
IFR are interpreted by the workshop scientists. The 
process is aided by a new hydrological model 
designed to transform the rigid numbers of the IFR 
table into a daily hydrograph, through linkage to 
current catchment climate (Hughes, 1997). This, in 
turn, is now being linked to national water-resource 
models, through development of a conceptual IFR 
algorithm. 

Additionally, the scope of the study broadens from 
an instream flow assessment for the study area, to a 
coarse flow-related assessment of the implications for 
the complete fiver system. Findings from all these 
activities are combined to produce for the public 
descriptions of the "working guide desired state", 
with its IFR. Two or three other possible states 
which would require less or more water than the 
IFR are also described. Each state is also linked to 
its probable social and economic consequences, 
such as the amount of irrigable land and the cost of 
water. 

These are used in scenario meetings linked to the 
public participation process, in a way presently being 
developed. The process ends with a decision by 
DWAF on water allocations, which reveals whether 
or not the project will proceed and the IFR will be 
met. If the project proceeds with agreement to meet 
the IFR, key workshop participants make input to 
scheme design, and the planners use the IFR numbers 
to reserve water for the river during the planning 
process. 

During late Feasibility or Design phases, it is 
planned that base-line studies will take place to 
record, in greater detail than is usually possible for 
the BBM workshop, pre-development conditions in 
the river. These studies will aid design of a monitoring 
programme, which will be used to assess adherence to 
the agreed desired state of the river. Adjustments to 
the IFR could then take place based on the monitoring 
results. Design of such monitoring programmes is 
already underway for some rivers. 

If a decision is taken not to meet part or all of the 
IFR, the BBM specialists would be able to advise on 
the least damaging way of managing the remaining 
flows in the fiver and, again, design an appropriate 
monitoring programme. 
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4. Discussion 

4.1. Summary analysis of the BBM 

The BBM provides quantitative information on the 
instream flow requirement for a river, which can be 
used in the planning and design phases of a proposed 
water-resource development. The information is 
produced in a format required by water managers: 
volumes of water are described in space and time, 
and the significance of each is explained. Hydrolo- 
gical models will be used to transform the rigid format 
of the IFR table back to a variable flow regime linked 
to climate, for actual management of flows during 
operation of the scheme. 

The BBM can be used where time and data are 
limited, but there is a clear lower limit to the amount 
of each needed for successful application of the meth- 
odology (Louw and King, 1995). At the very least, 
experienced freshwater ecologists, fluvial geomor- 
phologists, low-flow hydraulic modelers and hydrol- 
ogists with knowledge of that, or a similar, river 
should be involved, as should a social scientist with 
first-hand knowledge of the use made of the river by 
rural dwellers. Additionally, the workshop chair- 
person and facilitators should be experienced in the 
methodology, and the latter, at least, should be experi- 
enced river ecologists. The workshop process 
develops cross-disciplinary communication and 
understanding, so that all participants feel able to 
contribute, and in turn benefit by being able to talk 
of the process in their own work life with some under- 
standing and conviction. 

The BBM has been contributed to by most senior 
river scientists within the country through their parti- 
cipation in the workshops. Nevertheless, it is simple in 
concept, pragmatic, and easily understood by the non- 
scientist. The whole process, including that at the 
workshop, is transparent, and the documents produced 
are freely available to the public. A parallel public 
participation process links into the methodology in 
the early phases and after the workshop. These links 
have no formal structure yet. 

The methodology does not have to be linked to a 
proposed water-resource development. Thus, it could 
also be used to define a less damaging flow regime for 
an impacted river, or for regional planning purposes to 

assess the volume of water still available for develop- 
ment within a region or catchment. 

Analysis of the results of IFR workshops held to 
date has revealed a possible trend related to where the 
IFR site is situated in the catchment. It may be that for 
sites high in the catchment a greater percentage of the 
mean annual runoff at that point is being asked for in 
the IFR than for sites lower down with the same level 
of desired state. This had led to considerations that the 
methodology might be biased against big or 
"mature" rivers. It is now felt that the methodology 
is not so biased, but that the level of understanding of 
the ecological and geomorphological significance of 
large bodies of slowly moving water is poor and so 
suitable statements on IFRs for such reaches might not 
be made. For this and other reasons, some scientists 
would prefer a reactive approach, whereby response is 
made to the developer's plans. However, pro-active 
statements such as that made in the IFR are recom- 
mended in the guidelines on Integrated Environmental 
Management issued by the Department of Environ- 
ment Affairs and Tourism (DEA, 1992). Also, reac- 
tion to a developer's plan implies an understanding of 
the importance of various components of a flow 
regime and so some version of the activities described 
above must presumably be gone through anyway. 
Certainly such knowledge would be needed by 
DWAF decision-makers, who require detailed moti- 
vation of why specific flow regimes are required, 
which the BBM produces. 

Results of the IFR workshops also reveal a link 
between the percentage of the mean annual runoff 
(MAR) asked for as the IFR and desired state. Cate- 
gories of present or desired state are presently under 
discussion in the country, ranging from pristine (cate- 
gory A), through various levels of modification (prob- 
ably four to six categories in total). Each category is 
linked to a level of utilization of the river as a 
resource. IFRs for what could be category B rivers 
(largely unmodified) have encompassed as much as 
70% of the MAR, whilst those for critically modified 
rivers have encompassed as little as 5% of the MAR. 
Critically modified rivers are ones where realistically 
there is little chance of enhancing the natural func- 
tioning of the river, perhaps because of present cana- 
lization or nose-to-tail weirs. IFRs for such rivers tend 
to represent a small percentage of the MAR because 
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little motivation can be provided for most kinds of 
river-maintenance flows. 

4.2. New developments 

Development of the BBM has gained a momentum 
of its own, through many voluntary initiatives by the 
scientific community. In this way guidelines have 
been drawn up both for the way that hydrological 
data should be presented for an IFR workshop and 
for the social consultants to use in rural areas. Other 
initiatives have already been referred to. 

The process related to desired state needs further 
development. At present there is no structured method 
for identifying who should decide the desired state for 
any river and how. Additionally, from a scientific 
perspective, the statements on desired state tend to 
be general and descriptive rather than specific and 
quantitative, because often little is known of the 
river. Success in achieving the desired state thus 
cannot easily be measured at the monitoring phase. 
Two kinds of initiatives are addressing these 
problems. Formal and informal catchment forums 
are appearing, where interested and affected parties 
work with DWAF to resolve common problems 
related to rivers. These could be used for gleaning 
general wisdom on the river and for more detailed 
determinations of desired state. Scientific research is 
also underway to develop a process whereby an objec- 
tives hierarchy can be produced by consensus for the 
management of any river (K. Rogers, University of 
the Witwatersrand, personal communication). This 
will allow, inter alia, achievable and measurable 
goals to be identified for use in monitoring 
programmes. 

Changes in flow regimes almost always result in 
long-term changes in river ecosystems, but these 
cannot be addressed comprehensively in a flow 
assessment methodology with quite severe time and 
data constraints. However, the potential for long-term 
change is recognized in the BBM, and dealt with in 
two ways. Channel-flushing flows included in the IFR 
are designed to facilitate maintenance of channel form 
and biotope diversity. Additionally, post-construction 
monitoring of the river will guide adjustments to the 
IFR where necessary. It is recognized that a better 
understanding of the nature and function of channel- 
maintenance flows in semi-arid environments is 

needed. Research on long-term geomorphological 
change and linked ecosystem responses is one of the 
main topics in the Kruger National Park Rivers 
Research Programme (O'Keeffe and Coetzee, 1996). 

The use of cross-sections and stage-discharge rela- 
tionships to describe the hydraulic biotopes at each 
IFR site could be developed into a three-dimensional 
modeling approach. A technique for mapping 
hydraulic biotopes, presently being addressed in 
several different ways in South Africa, could be useful 
for informing on the loss and gain of physical habitat 
with changing discharge. Additionally, the kind of 
modeling facility offered by PHABSIM II in IFIM 
(Stalnaker et al., 1994) could further enhance this 
understanding, where sufficient species data are avail- 
able. 

A manual for the BBM is presently being written, 
with specialist chapters written by the senior scientists 
who participated in its development. 

4.3. Validation of the BBM 

Two features of the BBM workshop are seen as 
strong features by advisors on water law. First, IFRs 
for different sites along the river are produced by two 
independent groups and then compared. The groups 
tend to describe very similar flow regimes. Second, 
reference to the hydrological record after the flows 
have been agreed upon, acts as an independent 
check on whether or not the IFR is realistic in terms 
of the natural flow regime of the river. 

A formal scientific assessment of the methodology 
occurred in August 1996, at a BBM workshop for the 
main river involved in the Kruger National Parks 
Rivers Research Programme. This workshop, for the 
Sable River, brought together for the first time those 
developing the BBM with those can'ying out long- 
term fundamental research on a specific river. It was 
felt that the BBM could not use the full range of 
available scientific data directly, but accessed most 
of this successfully through the knowledge of scien- 
tists at the workshop. The same kind of limitations as 
described above were highlighted; as noted, most of 
these are the subject of continuing development. 

Validation of the IFR is planned through the moni- 
toring programmes. Thought is being focused on vari- 
ables to measure that will reveal flow-related change, 
and monitoring protocols have been written for some 

D
o
w
n
l
o
a
d
e
d
 
B
y
:
 
[
C
D
L
 
J
o
u
r
n
a
l
s
 
A
c
c
o
u
n
t
]
 
A
t
:
 
2
2
:
5
6
 
2
5
 
N
o
v
e
m
b
e
r
 
2
0
0
9



122 J. King, D. Louw / Aquatic Ecosystem Health and Management I (1998) 109-124 

rivers but not yet implemented. It is recognized that 
successful monitoring will be hampered by the 
paucity of scientific data and understanding of the 
rivers. However the BBM, through its practical 
nature, clearly identifies knowledge gaps that affect 
the confidence of scientific recommendations. This 
has consistently led to funding of relevant research. 

4.4. International context 

In a review of international approaches to instream 
flow assessments, Tharme (1996) identifies four main 
kinds. These are: hydrological approaches based on 
historical flow records; hydraulic rating methods, 
where a surrogate for the biota, such as wetted peri- 
meter or maximum depth, is generally assessed in 
relation to discharge; habitat rating methods, where 
hydraulic information linked to discharge is directly 
related to the requirements of target biota; and holistic 
approaches, in which all components or attributes of 
river ecosystems are addressed. The hydraulic rating 
methods were generally the precursors of the habitat 
rating methods, with these in turn including the 
precursors to IFIM. 

Tharme (1996) suggests that, because of South 
Africa's urgent need to develop water resources in 
situations where ecosystem data are limited, a three- 
tier hierarchy of methodologies should be used. The 
broadest level of the hierarchy, for use for any river 
targeted for water-resource development, could be a 
desktop reconnaissance-level assessment using histor- 
ical flow records. The Bulk Water Estimate part of the 
BBM would be positioned at this level, as would the 
Montana Method (Tennant, 1976), and Flow Duration 
Curve Analysis (Richardson, 1986; Gordon et al., 
1992) which uses different percentiles from flow dura- 
tion curves to identify flows for specific purposes and 
for different times of the year. 

Following this, for all rivers targeted for water- 
resource development, Tharme suggests use of the 
intermediate level of the hierarchy. This could consist 
of the holistic approaches, such as the BBM, the 
Holistic Approach (Arthington et al., in press), and 
the Expert Panel Assessment Method (Thorns et al., 
1996). The BBM is the best documented of these 
approaches. Holistic methodologies are pragmatic, 
robust, designed to address flow requirements at the 
ecosystem level and can be used where data and time 

are limited. The methodologies could be improved by 
including formal modeling of local hydraulics at the 
biotope level, more substantial habitat-discharge rela- 
tionships, and more structured methods for assessing 
the requirement for flushing flows and flows for main- 
taining riparian vegetation. 

IFIM (Stalnaker et al., 1994) is seen as too complex 
for routine use at the intermediate level, and is inap- 
propriate for use for several types of fiver or hydro- 
logical regime (Tharme, 1996). Additionally, it is not 
designed to address flow requirements for ecosystem 
maintenance, and presents several problems of a 
scientific nature (Mathur et al., 1985; Shirvell, 1986; 
Scott and Shirvell, 1987; Gan, 1990a, b; King and 
Tharme, 1994). However, it has many valuable 
features, including the description of flow-related 
habitat requirements for species, and hydraulic 
models designed specifically to simulate flow condi- 
tions at the microhabitat level. 

For this reason, Tharme suggests it, or another 
species-orientated approach, could be used at the 
highest level in the hierarchy for rivers of the highest 
conservation priority. She suggests that an holistic 
approach could be linked with some of the valued 
features in IFIM, to produce an assessment that has 
an ecosystem perspective as well as a focus on the 
flow requirements of important species. Advances in 
IFIM, such as the linkage of modeled temperature and 
water chemistry to ecological routines, should be 
considered; these are recognized current limitations 
in the BBM. Models presently being developed within 
the Kruger National Park Rivers Research Programme 
have similar features and could also be used. They are 
designed to predict changing abiotic (hydrology, 
geomorphology, chemistry, temperature) conditions 
within rivers and the responses of ecosystem (fish, 
riparian vegetation, aquatic invertebrates) compo- 
nents (O'Keeffe and Coetzee, 1996). 

5. Conclusion 

In the six years since its inception, the BBM has 
gained institutional acceptance and support from 
DWAF and local river scientists. Its results are now 
used by national and provincial conservation institu- 
tions as their negotiating point in later decision- 
making meetings on water allocations. For each of 
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several proposed developments with IFR assessments 
which have already moved to the design phase, all or 
almost all of the IFR described for that river has been 
recommended by DWAF for approval by government. 
To aid the growing demand for instream flow assess- 
ments, detailed guidelines for practitioners will 
appear in the BBM manual now being written. A 
training course is planned. 

Whilst helping guide management decisions on 
rivers, scientific activities related to the BBM have 
not been neglected. In addition to continuing devel- 
opment of the methodology, attention is being given 
to the assumptions made when using it. Early research 
is nearing completion on the ecological significance 
of all the major flow components recognized in the 
BBM (King, personal communication). Strong links 
with similar research within the Kruger National Park 
Rivers Research Programme and with the new 
National Aquatic Ecosystem Biomonitoring 
Programme are facilitating a countrywide network 
of co-operative research and research planning. 
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